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The purpose of this study was to identify historical trends of neglect in plant 
biology education, their continuation today in Michigan middle school classrooms, and to 
uncover reasons for this neglect. A content analysis of state and national science 
standards and an online survey of Michigan middle school life science teachers were 
conducted. Findings showed a trend of increasing references in national standards from 
animals or plants to general organisms, as well as a decrease in the overall number of 
specific references in the standards. The data also revealed that nearly half of the teachers 
surveyed spent less than ten percent of their life science class time on plants, indicating 
ongoing levels of plant neglect in middle school classrooms. Overall, the findings 
indicated providing teachers and students with direct experience growing, observing and 
having guided explorations with plants could increase their intrinsic and long-term 
interest in and understanding of plants. This approach would build upon constructivist 
theory of learners, including teachers and students alike, having need for baseline 
experiences upon which to develop and grow. Given the critical role plants play in the 
biosphere, in the functioning of human lives and in the increasing trend of consumer 
interest in plants, addressing identified levels of plant neglect and working towards 
building botanical capacity in school classrooms could be of benefit to the human race 
and support of healthy life on earth. 
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Chapter 1: Overview of Research 
Plants are primary producers: they form the base of trophic levels in ecosystems, 
providing the original source of energy for all other living organisms (Archer, 2014). 
Plants derive their energy for photosynthesis from the sun, and through photosynthesis, 
plants produce oxygen and recycle carbon dioxide (Barman, Stein, McNair, & Barman, 
2006). Therefore, plants create the ability of other life forms, such as animals, and in 
particular, human beings, to exist. Additionally, plants factor significantly into human’s 
daily life activities, providing food sources, shelter, medicine, clothing and fuel (Honey, 
1987). This study utilized a textual analysis of prior and current Michigan science 
standards along with a user-created electronic survey of Michigan middle school teachers 
to determine the state of plant biology instruction and capability in middle schools in the 
state through a constructivist lens. 
Statement of the Problem 
 Despite the importance of plants for human lives and their critical role in the 
biosphere, emphasis on plant biology can be overlooked in biological and life science 
courses (Rybczynski, Li, & Hickey, 2014). Plant biologists and other biology teachers 
have noted trends of lack of attention to plants in biological courses (Flannery, 1991; 
Honey, 1987). Honey (1987) cited examples of general biology text books emphasizing 
plants 20% of the time versus having a 70% focus on animals. Wandersee & Schussler 
(1999) noted that classroom teachers tend to neglect plants when teaching general 
biology courses. 
While some argue students are generally more interested in animals versus plants 
(Wandersee, 1986), current societal trends indicate otherwise. People’s current desire to 
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learn more about plants and plant growth (Hazzard, Moreno, Beall, & Zidenberg-Cherr, 
2011) is reflected by increasing interest  in home gardening, community farmers markets 
(Govindasamy, Italia, & Adelaja, 2002), issues around food insecurity, and a growing 
number of applicants to plant associated higher education programs, like Northern 
Michigan University’s medicinal plants program. Considering the importance of plants 
for life, as well as current consumer demand and interest in plant biology education, 
perhaps a level of neglect exists in the extent to which plants are included in life science 
courses? 
Research Questions 
The purpose of this study was to determine if Michigan’s life science standards 
and Michigan middle school teachers reflect a trend of neglect in plant biology education.  
Additionally, the researcher sought to identify potential reasons, from classroom 
teachers’ perspectives, for either the inclusion or neglect of plant biology education in life 
science classrooms. The following research questions were included in this study: 
Research Question 1: How does the number of plant biology 
references in the recently adopted Michigan middle school life 
science standards compare to the prior Michigan standards? 
Research Question 2: To what degree do Michigan middle school 
teachers teach plant biology? 
Research Question 3: What factors are significant in affecting the 
degree to which Michigan middle school teachers include plant 
biology in their pedagogy? 
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Research Question 4: Do Michigan middle school life science 
teachers like teaching about plants and how might this impact their 
teaching? 
Research Question 5: What types of resources do Michigan middle 
school life science teachers have access to in order to teach plant 
biology? 
Research Question 6: To what extent are Michigan middle school 
life science teachers applying plant examples to life science 
concepts? 
Research Question 7: How might Michigan middles school life 
science teachers’ self-perceptions affect their attitudes about 
student experiences with plants? 
In addressing these questions, it was my intent to identify whether a gap 
exists between the importance of plants in the biological world, current consumer 
interest and demand in plant biology, and the status of plants in state science 
standards, as well as the inclusion of plant biology education in Michigan middle 
school classrooms.  
Area of Concern 1: Science Standards 
If a level of neglect exists for plant biology education in Michigan middle 
schools, does it stem from the current state standards teachers utilize to frame their 
teaching and student outcomes? References to plants in state science standards can be 
minimal and have a potential impact on teaching emphasis. 
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Area of Concern 2: Teacher Training 
From another perspective, if neglect for plant biology education exists in 
Michigan middle schools, does it relate to teacher background and training? If teachers 
have spent a disproportionately low percent of time studying and learning about plants in 
their formal life science training and coursework, and if teachers do not perceive they 
have received adequate training and information about plant biology, then they may not 
have high levels of interest in or feel knowledgeable about or comfortable enough to 
include plants proportionately in their lessons plans and teaching. 
The Position of the Study in the Greater Conversation 
 While recent investigations have compared the Michigan Science Standards 
to the Next Generation Science Standards (NGSS) (Ziker, 2014), and templates exist for 
states to compare their science standards to the NGSS (Porter-Magee, Wright, Horn, 
Finn, & Porter-Magee, n.d.), no study has focused solely on the comparison of the life 
science standards, particularly comparing the new standards to the previous ones with 
respect to plant biology references. And although the conversation about neglect in plant 
biology education began in the late 1980’s (Honey, 1987; Wandersee, 1986) and has 
continued into recent times and various speculation has occurred about reasons for plant 
neglect (Krosnick, Baker, & Moore, 2018; Kramer & Havens, 2015; Ward, Clarke, & 
Horton, 2014), little work has been done to delve into reasons from the perspective of 
classroom teachers. 
Significance and Rationale 
Implications for this research and its findings include potential to further 
understanding of the nature and the need for ongoing and focused professional learning 
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opportunities for teachers that reflect educational trends and societal interests. If a level 
of neglect for plant biology education exists in Michigan middle schools, an argument 
could be made for targeted professional development of teachers with corresponding 
curriculum development and support from plant biology educators. 
Theoretical Framework 
The theoretical underpinning of this research lies in Piaget’s ideas on 
Constructivism, in that, people, in this case teachers, construct perspectives of the world 
based upon their individual experiences and internal knowledge (Ozer, 2004). In 
Constructivism, learning is thought to be a process of adjusting mental models or 
schemes to accommodate new experiences and to reflect upon those experiences. 
Consequently, learners need a basis of knowledge and experience upon which to interpret 
and generate ideas. If teachers have not had adequate previous experience studying and 
learning about or working with plants, then, according to Constructivism, they will not 
have the mental construct from which to build lesson plans to teach about and share plant 
biology learning opportunities with their students. This theoretical framework supports 
the notion of ongoing learning opportunities and experiences via professional 
development to assist teachers in creating the mental schemes and assimilating and 
accommodating new information about plants in order to feel knowledgeable about and 
comfortable with focusing on plant biology education in their classrooms. 
Fancovica and Prokop (Fančovičová & Prokop, 2010) found that students whose 
families had gardens developed higher positive attitudes about plants. The researchers 
proposed, therefore, that gardening may stimulate student intrinsic and long-term interest 
in plants. This research supports constructivist notions of building upon prior experience 
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through ongoing learning opportunities and experiences. If students or teachers do not 
have prior experience with plants, either through personal or educational learning 
opportunities, then they are less likely to have positive attitudes towards or long-term 
interest in plant biology education. 
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Chapter 2: Literature Review 
Study Overview 
 This study examined the status of plant biology education in Michigan middle 
schools as it relates to state science standards and teacher perceptions of their background 
related to plant biology, as well as the time spent in class on plants and factors affecting 
the extent they teach about plants in class. The study compared current Michigan K-12 
Science Standards to the former Grade Level Content Expectations with regard to 
references to plants in each. Additionally, a researcher-created online demographic and 
attitudinal survey of 62 Michigan middle school teachers was undertaken. The survey 
explored the teaching of life science, with specific references to plant biology education. 
Historical Perspective 
Plants have, during historical times, shared equal weight and emphasis with 
animals in biology curricula. Miller and Blaydes’ (1938) life science methods text, for 
example, contained equal mention of and emphasis on plants compared to animals in 
eleven of the twelve content chapters in the textbook, based upon a reference count 
conducted by this researcher by comparing the number of plant to animal references in 
the chapter titles. The authors provided an overview summary of educational trends, 
noting the initial focus of public education being on creating a literate citizenry, then 
shifted to the era of scientific discovery and invention, with the advent of public high 
schools and more specialized content areas. Miller and Blaydes (1938) highlighted the 
concurrent development of junior highs with combined general science courses. They 
found that biology texts written by botanists emphasized plants texts written by 
zoologists emphasized animals. Miller and Blaydes (1938) argued for a focus on a real 
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life, problem-based approach to pedagogy, which is consistent with current trends of 
Place-Based Education (Promise of Place, n.d.) and Next Generation Science (Next 
Generation Science, 2013). 
Trends of Neglect for Plant Biology Education 
Later, Honey (1987) and Wandersee (1986) discovered a general neglect of plants 
in biology courses of the time. Honey (1987) suggested plants were not allotted as much 
teaching time as animals.  He explored how early education of teachers affected their 
attitudes and behavior towards topics, and he noted most biology teachers were more 
qualified to teach zoology than botany. He said the study of plants might have been 
overall less appealing due to a lack of emphasis upon the importance of plants for the 
existence of life and a deeper understanding of their role in the biosphere. Additionally, 
Honey (1987) explained the advantage of plants in a classroom research environment 
because of the ability to utilize plants for investigations in ways animals could not be 
used. Consequently, he urged curriculum developers to identify and promote plant-based 
investigations and that teachers needed to emphasize and draw particular attention to 
plants to underscore their importance in life. 
Wandersee (1986) conducted a study of junior high students that compared 
preference for plants versus animals. He showed that half of the students showed no clear 
preference of plants or animals, but the other half preferred animals over plants. He noted 
students’ tendency to anthropomorphize concepts, and said the students related more 
directly to animals. He said students had a more difficult time imagining what it would be 
like to be a plant, and they also had misconceptions about photosynthesis. Wandersee 
(1986) recommended giving students direct experiences working with plants, combining 
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those experiences with comparisons between plants and animals. He speculated this 
approach would increase student interest in plants and therefore would increase student 
interest in plant biology learning. 
In the late 1990’s, Wandersee and Schussler (Wandersee & Schussler, 1999) 
coined the term “plant blindness” (p. 84) in their national school campaign attempts to 
ameliorate what they determined to be an underrepresentation or neglect of plants in 
general biology courses. They believed “plant blindness” was due to plants being 
perceived as more of a background aspect of natural environments, compared to animals, 
and that most people are not aware of and do not recognize the importance of plants in 
the biosphere and in human activities. Their antidote was to develop a “Prevent plant 
blindness” (p. 84) campaign, using classroom posters distributed to 22,000 United States 
science teachers via state and national teaching conferences. In more recent times, 
Nyberg and Sanders (2014) referenced “plant blindness” and delved into potential 
evidence and reasons. They cited a decline of the use of living plants in classrooms and 
discussed how teachers rarely receive training about plants and, therefore, use plants less 
frequently to exemplify concepts or as lab subjects. They recommended providing 
students with direct plant experiences, including growing plants, making observations 
and having guided explorations in order to cultivate student interest in and understanding 
of plants. 
Other more recent literature regarding the neglect of plant biology in education 
has continued the argument for the importance of plants in life science courses and has 
shared lessons and activity ideas to help ameliorate the potential neglect of plants in the 
classroom. Rybczynski, Li and Hickey (Rybczynski et al., 2014) argued about the 
 10 
importance of plants for life and current societal issues. Frisch, Unwin, and Saunders 
(2010) and Krosnick, Baker and Moore (2018) provided similar arguments about the 
importance of plants in life science curricula and connected this importance to 
understanding of environmental awareness and a sense of place. The authors shared 
classroom ideas and approaches to connect students directly with plants and make plants 
more relevant in students’ lives.   
Flannery (1991) explained that plants can have fluctuating trend status in 
classroom emphasis, and he delved into some of the reasons behind these vacillations. 
Neglect in plant biology may reflect a personal bias towards animal study. He said 
teachers can readily allow their personal bias towards animals to elicit student prejudices. 
He discussed how plants can readily be used in classrooms, just like animals, to 
exemplify many biological principles, and that biology teachers should think more about 
botany when planning classroom discussions and be more deliberate in using plants to 
illustrate biological concepts. Both Flannery (1991) and Wandersee (1986) discussed 
how bias can come from teachers themselves, or can stem from teachers’ perception of 
student interest favoring the study of animals. 
Plant biology is mostly ignored due to this long-standing prejudice against plants 
based upon lack of experience with and knowledge of plants (Hershey, 1993). Hershey 
emphasized that biology teachers spend little time focusing on and teaching about plants, 
and he noted the lack of botany training being key to this neglect. In his article, Hershey 
discussed the National Research Council’s recommendations to create a National Institute 
of Plant Biology, and he cautioned the focus should not be solely on research and 
scientist training, but that it should also have a focus on plant biology education for the 
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general populace.  He noted the institute should have a center for plant biology teaching 
in which current and future teachers would be trained in best practices to teach plant 
biology, both at the precollege and college levels. 
Uno (1994) cited three main problems leading to neglect of plant biology; 1) lack 
of plant examples being applied to universal biological concepts, 2) traditional botanical 
activities being static and purportedly uninteresting for teachers and students, and 3) strict 
following of guides, such as standards and texts, could exclude teaching about plants in 
many situations in which they could readily be included. Uno shared that, even though 
ample plant biology activities exist that are non-static and provide immediate data and 
results for students to analyze, biology teachers are generally not aware of or trained in 
these activities. 
Importance of Teacher Training and Experience 
If teachers do not have the awareness and knowledge, combined with direct 
training and experience, regarding plant examples to apply to biological principles, they 
are more likely to neglect plant biology in their teaching (Kramer & Havens, 2015; 
Hershey, 1993). Even though most of the biological process skills and conceptual 
knowledge can be explored using either plant or animals contexts, if teachers are 
unfamiliar with plant biology and its related applications, they will tend to default to 
human or other animal examples. Uno (1994) agreed the need existed for understanding 
of key botanical concepts and the essential role plants play in the biosphere and in human 
lives.  However, at that time, he noted no indication existed of increased popularity for 
students to study botany in college. Uno (1994) said it was important for pre-college 
teachers to cultivate increased awareness and knowledge of plant biology concepts and to 
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be engaged in plant-related labs and investigations, and he urged that teachers must have 
access to information assisting them to use plant examples to illustrate biological 
principles and to engage in classroom investigations. He noted that, in some state 
guidelines for concepts of evolution, animal evidence is referenced and no specific 
guidelines for plants occur. Uno (1994) further delineated the problem as being less a 
textbook issue and more of a training issue for pre-college teachers. He said few to no 
plant biology courses were required for teachers’ majors, including biology teachers.  
Along with Honey (1987) and Wandersee (1986), Uno supported the idea of developing 
and providing specific plant examples for biological concepts and lab experiences with 
plants that could occur in 45-minute blocks of time. He urged botanists to develop and 
distribute plant-based examples and investigation ideas and to find ways to connect the 
relevance of plants to student lives outside the classroom. He also noted teachers should 
draw upon people’s general interest in gardening. 
Kramer and Havens (2015) found that neglect of plants in biology self-
perpetuates because many biology teachers receive little training in botany and tend to 
teach little plant biology in their courses.  Neglect of plant biology in education 
eventually leads to an overall decline in “botanical capacity”, described as the “human, 
scientific, technological, organizational, institutional, and resource capabilities that 
support botanical education, resource and management” (Kramer & Havens, 2015, p. 83).  
Botanical expertise is necessary for the overall health and welfare of the human populace.  
Trends show shortages in management and research staff with plant biology education 
training and degrees to support the position and demand for plant biology knowledge and 
expertise (Kramer & Havens, 2015). 
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Student Learning and Outcomes 
The American Society of Plant Biologists’ position statement on educating young 
people about plants (Archer, 2014) indicated if teachers do not have adequate training 
and education in plant biology, conceptual errors can be created in students’ early years 
and can carry forward, resulting in misunderstandings into adult years of how plants live 
and grow.  Archer (2014) revealed the capabilities of young people to learn about and 
engage with plants, but emphasized that, if students receive little to no formal plant 
biology training, then misconceptions can formulate that become integrated into their 
concept maps going forward into adulthood. Although students have daily experiences 
with plants in all aspects of their lives, misconceptions formed at early ages often become 
embedded and need to be addressed. Archer reiterated the importance of plants for 
survival and confronting many current societal issues and shared statistics demonstrating 
low assessment scores in the United States for plants and life science. Archer (2014) 
noted student misconceptions about plants can be corrected if teachers include 
appropriate learning opportunities that include accurate understanding of plants biology 
and underscore the importance of plants for the existence of all life on this planet. 
Barman, Stein, McNair and Barman (2006) found, through their research of 2,400 
students across North America, that students’ understanding of plants is often limited and 
non-transferable. They found some students thought only flowers were plants and that 
trees were not plants. They also discovered that many students thought sunlight was 
helpful to plants but was not essential for plant growth. These identified student 
misconceptions were thought to be useful in planning for teachers and teacher training to 
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identify strategies to assist students in developing deeper and more accurate 
understanding of plants. 
Student interest and success in model, plant biology programs, and research 
findings from garden-based curriculum have shown successful cross-disciplinary impacts 
(Williams & Dixon, 2013). These findings showed positive student outcomes in areas of 
overall grades, attitudes and behavior. William and Dixon (2013) found 85%, 83% and 
91% improvements in grades, respectively, for elementary, middle and high school levels 
of garden programs in cross-disciplinary areas. The researchers acknowledged a need for 
more rigorous research with consistency in focus to better understand the array of 
positive outcomes being cited from garden-based learning initiatives.  Williams and 
Dixon (2013) explained their development of a research template to provide a consistent 
research framework for ongoing assessment of garden-based learning, and they 
concluded by stating garden-based instruction might need more curriculum development 
and integration into subject areas, particularly those with Science, Technology, 
Engineering and Math (STEM) focus areas. 
Additionally, Ward, Clarke and Horton (2014) found, at a public, liberal arts, 
post-secondary institution, that by deliberately revising curriculum and incorporating 
plant-based research into major courses, they were able to increase students’ knowledge 
and awareness of plant biology education, while at the same time increasing the students’ 
scientific writing skills, enhancing their statistical knowledge and also increasing student 
interest in conducting research.  The researchers succeeded in all of their goals of; 
including teaching botanical concepts in all life science areas, from cells to ecosystems; 
strengthening students’ scientific writing and statistical analysis abilities; increasing 
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student interest in plant biology; and encouraging student contributions to and 
involvement in research (Ward, Clarke & Horton, 2014), thereby supporting the notion 
that focused efforts on including plant biology education in the curriculum, utilizing best 
practices and model programs, can indeed turn the tide of plant neglect. 
Plant Interest 
 Govindasamy, Italia and Adelaja (2002) shared data from their farmers’ market 
survey that showed increasing consumer interest in plants and local access to fresh 
produce. Hazzard, Moreno, Beall and Zidenberg-Cherr (2011) also found increasing 
consumer interest in plants and correlated overall plant interest with people having direct 
encounters and experiences with plants. 
Theoretical Framework 
Ozer (2004) shared a solid overview of Piaget’s educational theory of 
Constructivism to include learning being a process of adjusting mental models or 
schemes to accommodate new experiences and to reflect upon those experiences. In the 
Constructivist framework, learners need a basis of knowledge and life experience upon 
which to interpret and generate ideas. Applied to this research, if teachers have not had 
adequate previous experience studying and learning about or working with plants, then, 
according to Constructivism, they will not have the mental construct from which to build 
lesson plans to teach about and share plant biology learning opportunities with their 
students. Constructivism, therefore, supports the need for ongoing learning opportunities 
and experiences for teachers, with professional development being one avenue to assist 
teachers in creating the mental schemes and assimilating and accommodating new 
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information about plants in order to feel knowledgeable about and comfortable with 
focusing on plant biology education in their classrooms.  
Research Methodology 
This study included a comparison of plant biology references in Michigan’s 
current middle school science standards with the previous Grade Level Content 
Expectations, as well as an online researcher-created, mixed methods, attitudinal survey 
of Michigan middle school life science teachers regarding their life science teaching with 
specific references to plant biology education. The state of Michigan adopted the Next 
Generation Science Standards in 2018 (Michigan Department of Education, 2019), which 
were compared for this study, to Michigan’s former Grade Level Content Expectations 
(Michigan Department of Education, n.d.), to measure and compare the number and 
percent of plant biology education references in each set of standards. 
Ziker (2014) conducted comparative analysis of the Next Generation Science 
Standards and the Michigan Science Standards that provided a framework for the first 
component of this research. Ziker employed a crosswalk strategy to compare the overall 
standards for similarities and differences and created a rating scale to denote the degree 
of match between each aspect of the standards, including content areas. Ziker (2014) 
found a low to moderate range of similarities for the Next Generation Science Standards 
and the Grade Level Content Expectations in the content areas. She noted the standards 
were similar in content but different in application of terms. This research study, rather 
than focus on comparison of all content areas, instead focused solely on the life science 
standards and, rather than providing a qualitative degree of match, gave a quantitative 
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analysis of the number and percent of plant-associated references in the life science 
standards. 
Online survey technology was used due to its low cost, speed, efficiency, and 
geographic reach (Sue & Ritter, 2007). Rea and Parker (2005) explained that defined and 
reliable opinions of populations can most efficiently be obtained through survey research. 
Couper, Trougott, & Lamias (2001) also described the usefulness of electronic surveys 
for overall effectiveness and collection of unbiased data. DeVellis (2003) said scalar 
tools, such as the one used to rank teacher perceptions in this survey, are helpful to 
measure phenomenon thought to exist, but unable to be directly observed. The online 
survey used in this study included a seven-point scalar to garner information concerning 
participant beliefs about their own training, teaching, and the inclusion of plant biology 
as part of middle school life science. Devillis (2003) also noted it can be impossible or 
impractical to access a variable in the social sciences in any way other than through a 
self-reported measurement scale such as the one employed for this research. With the use 
of the scalar questioning methodology, Schaeffer (1992) said, survey questions need to 
include simple, easily read and understood words and must be clear and unambiguous.  
Morrel-Samuels (2003) believed poor survey design leads to poor response rates, 
particularly if respondents become frustrated and exit from the survey before completion. 
Roberts (2007) also deliberated on the subject title of the survey and its potential to affect 
the decision of the population about whether or not to participate. For instance, people 
interested in plants would be more apt to participate in a survey mentioning plants in the 
survey title. Kraut, Olson, Banaji, Bruckman, Cohen, and Cooper (2004) added to the 
conversation of potential survey constraints by stating that gaining informed consent for 
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online surveys can be more challenging than via traditional, in person, laboratory 
investigations. 
Lang (2007) and Zhang (1999) discussed sample bias in survey research and 
emphasized the importance of providing all population members equal opportunity to 
participate. While they noted the likelihood of coverage bias favoring the younger and 
more affluent populace, it was noted this survey research was carried out via school e-
mail systems for which middle school teachers generally all have acess to. Rea and 
Parker (2005) noted that a self-selection process occurs in any survey from the standpoint 
that anyone in the solicited population has to make a decision up front of whether or not 
to even participate. This self-selection process begins to build in some bias up front based 
upon the survey participants’ willingness to complete the survey. Each of these survey 






Chapter 3: Methods 
This study included two components; 1) a quantitative analysis of plant biology 
references between the Next Generation Science Standards for middle school life and 
Michigan’s previous Grade Level Content Expectations, and 2) an online researcher-
created mixed methods attitudinal survey of middle school life science teachers regarding 
their time spent in class on plants and self-perceptions of their training, knowledge, 
comfort and like of teaching about plant biology in their life science classes. For the first 
component, the researcher utilized a crosswalk methodology similar to Ziker’s (2014) 
content comparative analysis of the Next Generation Science Standards and the Michigan 
Science Standards. Ziker employed a crosswalk strategy to compare the overall standards 
for similarities and differences. In this study, the research focused specifically on the 
inclusion of plant references compared to the inclusion of animal biology and living 
organism references. Table 1 shows the comparative framework of the life sciences in the 
standards. The complete set of color-coded standards, including subtext for each 
standard, is included in Appendix D. Within each set of standards, the researcher 
highlighted and color coded words directly related to either plants or animals, as well as 
non-specific references to living organisms, and compared the number of references for 
each category. Terms included in the count for plants were plants, producers and 
photosynthesis. Terms included for animals were animals and consumers.  Included terms 
for reference to living organisms were species, all living things, all life forms and 
multicellular organisms. It is important to note that, while the NGSS middle school 
standards are grade banded for sixth through eighth grade, the analogous GLCEs are for 
grades five through seven, independently. Also, comparison was made directly from the 
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national NGSS middle school standards and not the Michigan NGSS Standards version 
adopted in 2014. The Michigan science standards include some specific references to the 
Great Lakes region in some content areas, but none of the life science standards have any 
of these specific references. 
Table 1 
Life Science Framework Comparison of NGSS and GLCE 
 
NGSS GLCE 
Middle School Life Science Standards 
and Disciplinary Core Ideas 
 Middle School Life Science Disciplines 
 MS-LS1 From Molecules to 
Organisms: Structure and 
Processes 
LS1.A: Structure and Function 
LS1.B: Growth and Development of 
Organisms 
LS1.C: Organization for Matter and 
Energy Flow in Organisms 
LS1.D: Information Processing 
 MS-LS2 Ecosystems: 
Interactions, Energy and 
Dynamics 
LS2.A: Interdependent Relationships in 
Ecosystems 
LS2.B: Cycle of Matter and Energy 
Transfer in Ecosystems 
LS2.C: Ecosystem Dynamics, Functioning 
and Resilience 
 MS-LS3 Heredity: Inheritance 
and Variation of Traits 
LS3.A: Inheritance of Traits 
LS3.B: Variation in Traits 
 MS-LS4 Biological Evolution: 
Unity and Diversity 
LS4.A: Evidence of Common Ancestry 
and Diversity 
LS4.B: Natural Selection 
LS4.C: Adaptation 
 Organization of Living Things 
a. Life Requirements 
b. Life Cycles 
c. Structure and Functions 
d. Classification 
e. Cell Functions 
f. Growth and Development 
g. Animal Systems 





b. Changed Environment 
c. Effects 
d. Interactions of Organisms 
e. Relationships of Organisms 
f. Biotic and Abiotic Factors 




c. Inherited and Acquired Traits 
d. Reproduction 
 Evolution 
a. Environmental Adaptation 
b. Survival 
c. Species Adaptation and Survival 
d. Relationships among Organisms 
Note. Next Generation Science Standards (NGSS) and Grade Level Content Expectations 
(GLCE) 
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Following IRB approval (HS18-952) included in Appendix A, the survey was 
distributed through Qualtrics.com as an online, self-administered questionnaire, using 
closed-ended, seven-point scalar questions with self-reported rankings. Ones represented 
strongly agree and sevens represented strongly disagree. Open-ended response items 
followed each scalar question to allow for unanticipated additions or clarifications to 
responses. The survey included demographic, experiential and philosophical questions 
regarding the teaching of plant biology. Survey questions included teacher perceptions of 
the amount of time spent in class on plants, teaching aspects of plant biology education, 
barriers and solutions to including plant biology education in the curricula, and teacher 
perceptions of students relative to plant biology education. The survey tool, including the 
survey questions administered and teacher responses via Qualtrics, is included in 
Appendix B. 
This study utilized comparative statistical analysis of teacher responses relative to 
their education and teaching of life science. Zip codes were examined for evenness of 
distribution. SPSS statistical analysis software was utilized for this survey, and validity 
for the questions was determined to be 64.5%, with a Cronbach’s alpha based reliability 
level of 0.884 (Appendix C). For visual analysis, data were reorganized into tables and 
graphs. Statistical analysis included determination of central tendencies and Pearson 
correlation coefficients to compare responses and the significance of the relationships 
between variables. Descriptive comments were categorized and reported as aggregate 
responses. 
Surveys were distributed to participants in April, 2018 through two means. 
Northern Michigan University’s Seaborg Science and Math Center Director distributed 
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the survey to all Michigan science and math centers and the Michigan Science Teachers 
Association through an e-mail link, and 31 Marquette and Alger middle school teachers 
were e-mailed the link directly. Middle school teachers were chosen for this study 
because the middle school grade band is when dedicated science courses begin to occur. 
Also, a current national emphasis on the development of middle school science 
curriculum, such as Middle Start (2019), OpenSciEd (OpenSciEd, n.d.) and Michigan 
Science Teaching and Assessment Reform (MiSTAR) (2019) underscores the importance 
of science education during the middle school years. Additionally, researchers who 
examined the impact of garden-based learning, a method for plant biology education, 
noted the need for additional research beyond what they cited as previous emphasis on 
third through fifth grades (Williams & Dixon, 2013). With this research focusing on sixth 
through eighth grades, a greater understanding of the status of plant biology education in 
Michigan middle schools can be ascertained. 
Limitations 
Although implications for this research exist for all levels of plant biology 
education, the focus on middle school science teachers limits the ability to extend 
conclusions beyond the middle school demographic. Additionally, the sample 
demographic focused on Michigan and only reflects states that have adopted NGSS.  
Another potential limitation of this study concerns sample bias in electronic surveys 
(Lang, 2007). To prevent coverage bias, all members of the population must have equal 
opportunity and a fair chance to participate in the survey. Zhang (1999) demonstrated that 
coverage bias is likely to be high with electronic surveys because computer users tend to 
be younger and more affluent. For this research, it was assumed that all participants had 
 23 
sufficient access to and familiarity with computers and electronic communication because 
the electronic environment is used as the primary mode of communication in public 
schools, and the survey was distributed to school e-mail accounts. 
The personal bias factoring into this study pertained to the primary investigator 
having background, training and interest in plant biology education. Plant biology is the 
researchers’ primary area of study and teaching. To ameliorate this potential bias, the 
discussion will center on the participant results without overlaying personal conclusions. 
DeVillis (2003) cautioned that researchers must be aware of and determine 
whether the performance on a measure truly reflects the assumed variable. Essential to 
the survey process are clear and unambiguous questions including simple language and 
easily read and understood words (Schaeffer, 1992). In order to gather high quality data 
from surveys, validity and reliability need to be taken into consideration (Relevant 
Insights, 2019). Considering the 64.5% validity for the survey, some technical errors 
emerged with the scalar responses for one question, causing some participants to not 
complete the survey. Once the researcher was alerted to the error and fixed it, participants 
no longer had an issue. The 0.884 reliability demonstrated the stability and consistency of 
the questions and corresponding responses, with 1.0 being the highest level of reliability 
(Creswell, 2012).  
 24 
Chapter 4: Results 
 The purpose of this study was to identify if historical trends of neglect for plant 
biology education continue today in Michigan’s middle schools.  To make this 
determination, the researcher conducted a comparison of Michigan’s former and current 
life science standards for the inclusion of plant biology education and also analyzed 
teaching variables and relationships of variables involved in the teaching of plant biology 
education. This chapter includes findings from the crosswalk comparison of the NGSS 
and GLCE for number and percent of references to animals, plants and living organisms 
and quantitative analysis of results from the online Michigan middle school teacher 
survey. Appendix D includes the complete set of survey responses. 
Research Question 1: How does the number of plant biology references in the 
recently adopted Michigan middle school life science standards compare to the prior 
Michigan standards? The comparison showed the NGSS have less overall specific 
references to animals, plants or general organisms, 30 total references compared to the 
GLCE having 85 total specific references.  Secondly, an increasing trend of overall 
percentage of references to general organisms versus animals or plants occurred in NGSS 
versus the formed GLCE.  Although plants have more references than animals in NGSS, 
the difference was minimal, with 5 plant references and 3 animal references. Table 2 
depicts findings relative to the question concerning how the number of plant biology 
references in the recently adopted Michigan middle school life science standards compare 
to the prior Michigan standards. The greatest number and highest percentage of 
references in NGSS was “organisms”, with 22 references, 73.3% of total animal, plant 
and organism references. “Organisms” were referenced 48 times in the GLCE, 56.5% of 
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the total animal, plant and organism references.  Although the number of references to 
“organisms” in NGSS was lower than in the GLCE, 22 organism references compared to 
48, the percent of the total “organism” references was higher in NGSS, 73.3% compared 
to 56.5%, because overall, NGSS has only 30 total references compared to GLCE having 
85 total references.  The second highest number of references and percent was plants for 
NGSS, with 5 plant references at 16.7% of the total animal, plant and organism 
references.  Animals had the second highest number of references for the GLCE with 20 
animal references at 23.5% of the total for animals, plants and organisms.  The last or 
third category for references and percent was animals for NGSS with 3 animal references 
at 10.0% of the total number of references, and for GLCE it was plants with 17 plant 
references at 20.0% of the total. References were counted and tallied by the researcher 
from the NGSS and GLCE life science standards shown in Appendix D. 
Table 2 
Number and percent for categorical references in the Next Generation Science Standards 
(NGSS) and Michigan’s previous Grade Level Content Expectations (GLCE) 
 
Category N (%) for 
NGSS 
N (%) for 
GLCE 
Animals 3 (10.0) 20 (23.5) 
Plants 5 (16.7) 17 (20.0) 
Organisms 22 (73.3) 48 (56.5) 
Total 30 (100.0) 85 (100.0) 
Note. Next Generation Science Standards (NGSS) and Grade Level Content Expectations 
(GLCE). Some questions in the survey had lower response rates (N=13) due to an initial 
error with one of the survey questions most likely causing those participants to not 
complete the entire survey. Percent (%) represents percent of total number of animal, 
plant and organism references, combined. 
 
Results also include data from the online survey completed by Michigan middle 
school teachers. A map of the state of Michigan illustrating the location of survey 
respondents from reported zip codes is shown in Figure 1. The map reveals a broad 
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spread distribution of respondents across the state, including participants from the Upper 
Peninsula, the northern Lower Peninsula, as well as from the western side of the state and 
southeast Michigan. Multiple respondents may be from the same zip code. 
 
Figure 1: Distribution of middle school life science teacher participants for online survey. 
 
Research Question 2: To what degree do Michigan middle school teachers teach 
plant biology? Survey results determined nearly half of the teachers surveyed (19/40) 
spend less than 10% of their life science class time on plants. Table 3 shows the life 
science teacher response data for the percent time spent on plants in their classes. The 
highest number or mode of respondents, N = 10, and percent, 16.1%, indicated spending 
5% of their time on plants.  One teacher out of 40 sampled indicated spending 75% of 
their time in class on plants. 
Table 3 also includes the measure of central tendencies for the data shown in table 
3 regarding the percent of time spent on plants in life science class.  The mean was 15.7% 
of time, the median was 14.0% of time, the mode was 5.0% of time, with a standard 





Time spent on plants in life science class by Michigan middle school teachers  
 
Time (%) Frequency Percent 
0 - 10% 19 47.5 
11 - 20% 12 30 
21 - 30% 7 17.5 
31 - 40% 1 2.5 
41 - 50% 0 0 
51 - 60% 0 0 
61 - 70% 0 0 
71 - 80% 1 2.5 
81 - 90% 0 0 
91 - 100% 0 0 
Note. Mean = 15.7%, Median = 14.0%, 
Mode = 5.0% & SD = 12.8% 
 
Research Question 3: What factors are significant in affecting the degree to which 
Michigan middle school teachers include plant biology in their pedagogy? Overall, 
teachers were in favorable agreement with the questions asked on the survey pertaining to 
their plant training, comfort and knowledge, as well as their like of life science subjects 
and their perceptions of their students relevant to plant biology.  Table 4 below depicts 
the measure of central tendencies for teacher responses and shows the highest mean level 
of agreement for teachers liking animals. The lowest mean level of agreement was for 
students having ready access to plant materials. 
Further inquiry into relationships between questions to determine impacts on the 
percent of time spent in class on plants revealed plant knowledge, adequate plant training, 
and time spent studying about plants all had significant positive relationship correlations 




Measures of central tendency for Michigan middle school teachers’ responses to plant 
biology education survey  
 
Survey Questions Mean Median Mode SD N 
Like animals 2.10 2 1 1.28 42 
Like genetics 2.12 2 1 1.38 42 
Like cells 2.21 2 2 1.26 42 
Like plants 2.38 2 2 1.34 42 
Like evolution & natural 
selection 2.55 3 3 1.31 
42 
Students enjoy studying 
about plants 2.63 3 3 0.97 41 
Plant knowledge 2.69 3 3 1.75 13 
Plant comfort 2.77 3 3 1.74 13 
Like microorganisms 2.81 3 3 1.29 42 
Students succeed easily 
with plants 3.02 3 3 0.99 41 
Students want to learn about 
plants 3.05 3 2 1.18 41 
Like fungi 3.17 3 4 1.45 42 
Plant training 3.38 3 1 2.06 13 
Students have ready access 
to plant materials 3.44 3 2 1.70 41 
Note. 1 = strongly agree, 7 = strongly disagree 
spent on plants in class. Table 5 depicts the Pearson correlation coefficients, sample size 
(N) and significance of the correlations between teachers’ survey question responses. The 
highest correlation value, 0.987, was between the teachers being knowledgeable about 
plant biology and comfortable teaching about it. The second highest correlation value, 
0.909, was between teachers receiving adequate training in plant biology and being 
comfortable teaching about it. The third highest correlation, 0.866, was between teachers 
receiving adequate training and being knowledgeable about plant biology. All three of 
these correlations had significance values of 0.000 and each had 2-tailed significance at 




Correlations and significance of question relationship for Michigan middle school 
teachers’ responses to plant biology education survey  
 




Plant knowledge & comfort 
teaching plants 
.987** 13 0.000 
Adequate plant training & 
comfort teaching plants 
.909** 13 0.000 
Adequate plant training & 
plant knowledge 
.866** 13 0.000 
Time studying plants & 
comfort teaching plants 
.564* 13 0.045 
Time studying plant & plant 
knowledge 
.558* 13 0.047 
Time studying plants & time 
on plants in class 
.412* 40 0.009 
Time studying plants & 
adequate plant training 
.312 13 0.299 
Comfortable teaching & % 
time in class 
.090 13 0.770 
Knowledgeable & % time in 
class 
.079 13/40 0.797 
Adequate training & % time 
in class 
.038 13/40 0.902 
Note. **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at 
the 0.05 level (2-tailed). 
 
 Time teachers spent studying plants also had significant positive correlations with 
being comfortable teaching about plants, being knowledgeable about plants, and the 
percent of time spent on plants in class.  All three of these correlations were significant at 
the 2-tailed, 0.05 and ranged from 0.009 to 0.047 in significance. 
Research Question 4: Do Michigan middles school life science teachers like 
teaching about plants and how might this impact their teaching? Teachers agreed, in 
general, they liked teaching about a range of life science subjects. Of the seven life 
science subjects presented, plants were the fourth highest and animals ranked the highest. 
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Table 6 reveals the levels of agreement teachers expressed for the statement “I like 
teaching about….” Teacher responses ranged from 2.10 for animals to 3.17 for fungi, 
with 1 representing strongly agree and 7 representing strongly disagree.  Teacher 
response to plants occurred as the median at 2.38. 
Table 6 
Michigan middle school teachers’ enjoyment of teaching different biology subject matter 
 
Life Science Subjects Mean N 
Animals 2.10 42 
Genetics 2.12 42 
Cells 2.21 42 
Plants 2.38 42 
Evolution & Natural 
Selection 2.55 42 
Microbiology 2.81 42 
Fungi 3.17 42 
Note. Michigan middle school teachers’ levels of agreement 
to the statement “I like teaching about…” 1 = strongly agree, 
7 = strongly disagree 
 
Also concerning whether Michigan middles school life science teachers like 
teaching about plants and how their enjoyment of plants might impact their teaching, 
correlations were made between the degree teachers said they like teaching about either 
animals or plants and the impacts on their life science teaching. The greatest significant 
positive relationships occurred between liking plants and comfort teaching about plants, 
plant knowledge and teachers having adequate training.  Significant also were positive 
relationships between liking animals and comfort teaching about plants, plant knowledge 
and adequate plant training. Table 7 indicates correlation data for survey questions 
regarding the degree to which teachers like animals or plants and impacts on life science 
teaching. The highest positive relationship was between liking plants and plant comfort, 
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with a 0.925** correlation, followed by liking plants and plant knowledge, 0.899**, and 
liking plants and adequate plant training, 0.844**.  All three correlations had significance 
values of 0.000. 
Table 7 
Correlation coefficients and level of significance for Michigan middle school teachers’ 
responses for relationships between liking animals or plants and other survey variables 
 
Survey Question Comparison 
Pearson Correlation 
Coefficient N Significance 
Like plants & plant comfort 0.925** 13 0.000 
Like plants & plant knowledge 0.899** 13 0.000 
Like plants & adequate plant training 0.844** 13 0.000 
Like animals & plant comfort 0.767** 13 0.002 
Like animals & plant knowledge 0.746** 13 0.003 
Like animals & adequate plant training 0.622* 13 0.023 
Like animals & like plants 0.488** 42 0.001 
Like animals & time studying plants 0.29 40 0.069 
Like animals & time plants in class 0.143 40 0.379 
Like plants & time studying plants 0.091 40 0.577 
Like plants & time plants in class -0.235 40 0.144 
Note. **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at 
the 0.05 level (2-tailed). 
 
Research Question 5: What types of resources do Michigan middle school life 
science teachers have access to in order to teach plant biology? Teachers indicated they 
have most access to intellectual resources, especially online resources and professional 
development. Teachers also said they have the same amount of access to fields, an 
outdoor resource, as they do to professional development. They said they have least 
access to indoor growing resources, including greenhouses and lighted growing shelves, 
along with the least amount of access to gardens, another outdoor resource. Table 8 
shows teachers most strongly agree they have access to online resources and professional 
development, with consecutive mean responses of 1.95 and 3.61.  Teachers most strongly 
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disagree they have access to gardens and greenhouses, with consecutive mean responses 
of 5.03 and 5.63.   
Table 8 
Measures of central tendency for Michigan middle school teachers’ levels of agreement 
about teacher access to plant biology education resources 
 
  Mean Median Mode 1SD Variance N 
Access to intellectual 
resources             
Online resources 1.95 2.0 1 1.224 1.498 41 
Professional development 3.61 3.0 3 1.935 3.744 41 
Textbooks 4.43 5.0 7 2.206 4.866 40 
Access to outdoor resources       
Field 3.65 3.0 3 2.119 4.490 40 
Forest 4.20 3.5 7 2.221 4.933 40 
Garden 5.03 6.0 7 2.057 4.230 40 
Access to indoor growing 
resources       
Lighted growing shelf 4.66 6.0 7 2.298 5.280 41 
Greenhouse 5.63 6.0 7 1.907 3.638 41 
Note. 1 = access, 7 = no access 
 
Research Question 6: To what extent are Michigan middle school life science 
teachers applying plant examples to life science concepts? In general, teachers indicated 
they are applying plant examples to a range of life science concepts. Table 9 data reveal 
teachers mean levels of agreement for using plant examples in 5 life science concepts 
range from 2.22 to 3.17, a difference of 0.95, thereby indicating overall the teachers agree 
they are using plant examples in the concept areas provided. 
Research Question 7: How might Michigan middles school life science teachers’ 
self-perceptions affect their attitudes about student experiences with plants? The only 




Michigan middle school teachers’ level of agreement to applying plant examples to life 
science concepts 
 
Life Science Concepts Mean N 
Matter & energy in organisms & ecosystems 2.22 41 
Interdependent relationships in ecosystems 2.32 41 
Natural selection & adaptations 2.66 41 
Growth, development & reproduction 2.66 41 
Structure, function and information processing 3.17 41 
Note. Question prompt was “Plant examples are strongly used to 
apply this concept”. 1 = strongly agree, 7 = strongly disagree 
 
as the percent of time teachers spent on plants in class increased, or as the teacher time 
spend studying plants increased, their level of agreement decreased for students 
succeeding easily with plants, having ready access to plant materials, or for students 
wanting to learn about plants. Table 10 compares survey variables concerned with 
teachers’ self-perception of their teaching and background to their perceptions of their 
students related to plant biology. The only correlations of significance were negative 
correlations, with the most significant being a negative correlation, -0.460**, between 
percent time on plants in class and students succeed easily with plants.  The significance 
for this correlation was 0.003.  The other negative correlation at the 0.01 level (2-tailed) 
was for percent time on plants in class and students have ready access to plant, with a 
Pearson correlation coefficient of -0.445** and a significance value of 0.004.  Percent 
time on plants in class, along with percent time the teacher spent studying plants in life 
science courses were both negatively correlated with students have ready access to plants, 
with Pearson correlation coefficients of -0.374* and -0.352*, consecutively.  The 




Correlation coefficients and significance for plant biology education and Michigan 
middle school teachers’ perception of students’ experiences with plants 
 
Survey Response Questions 
Pearson 
Correlation 
Coefficient N Significance 
Adequate plant training & students have ready access  
   to plant materials 0.362 13 0.224 
Like plants & students have ready access to plant  
   materials 0.258 41 0.104 
Plant comfort & students have ready access to plant  
   materials 0.179 13 0.559 
Plant knowledge & students have ready access to plant  
   materials 0.171 13 0.576 
Like plants & students want to learn about plants 0.160 41 0.317 
Like plants & students succeed easily with plants 0.143 41 0.372 
Adequate plant training & students want to learn about  
   plants 0.000 13 1.000 
Time studying plants & students want to learn about  
   plants -0.052 39 0.751 
Like animals & students succeed easily with plants -0.081 41 0.615 
Adequate plant training & students succeed easily with  
   plants -0.129 13 0.675 
Like animals & students want to learn about plants -0.135 41 0.399 
Like animals & students have ready access to plant  
   materials -0.150 41 0.348 
Plant comfort & students want to learn about plants -0.192 13 0.531 
Plant knowledge & students want to learn about plants -0.238 13 0.434 
Time studying plants & students succeed easily with  
   plants -0.308 39 0.057 
Plant knowledge & students succeed easily with plants -0.333 13 0.266 
Plant comfort & students succeed easily with plants -0.349 13 0.243 
Time on plants in class & students want to learn about  
   plants -0.352* 40 0.026 
Time studying plants & students have ready access to  
   plant materials -0.374* 39 0.019 
Time on plants in class & students have ready access to  
   plant materials -0.445** 40 0.004 
Time on plants in class & students succeed easily with  
   plants -0.460** 40 0.003 
Note. **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant 
at the 0.05 level (2-tailed). 
 
 35 
Additional Survey Participant Comments 
 Twelve survey participants included additional comments at the end of the survey.  
These comments are included in Appendix G. Seven major categories of response came 
out of the comments with the majority focused on teachers having personal history, 
generally family background dealing with plants; teachers having access to plant-based 
curriculum; or survey question errors.  The other category most commented on included 
the school location being conducive to teaching about plants due to the nature of the 
community being focused on farming or having access to natural, outdoor areas. The 
categories and number of responses for each are included in Table 11 below. 
Table 11 
Categories and number of corresponding responses for additional comments about plant 
biology education from Michigan middle school teacher survey participants 
 
Comment Categories Number of 
Comments 
Additional Notes 
Personal history/family background with 
   plants 
3  
Access to curriculum that includes plant  
   emphasis 
3 MiSTAR, IQWST, & 
Carbon Time Training 
Lack of curriculum resources 1  
Lack of funds for plant materials 1  
Misses teaching about plants; rarely included  
   in curriculum 
1  
School location conducive to teaching about  
   plants 
2 Farming community, 
natural areas around 
school 






Chapter 5: Discussion 
 Speculation has occurred over the years that plant biology education is neglected 
in pre-college classrooms (Nyberg & Sanders, 2014; Rybczynski et al., 2014; Wandersee 
& Schussler, 1999; Flannery, 1991; Honey, 1987). Although the existence of life as we 
know it on earth depends upon plants, including their role in the trophic levels and their 
ability to photosynthesize, historically, animals have received the bulk of attention in life 
science classes (Flannery, 1991; Wandersee, 1986). This study examined whether or not 
neglect of plant biology education is currently occurring in Michigan middle school 
classrooms, and, if so, it attempted to answer questions as to why the neglect might be 
occurring. These questions pertained to the state’s life science standards and teacher 
background and training, as well as teachers’ perception of students regarding plant 
biology education. Teachers were asked about their class time for plant biology 
education, their plant knowledge, comfort in teaching about plants, and their levels of 
liking plants.  Access to plant biology education resources and the use of plant examples 
for life science concept areas were also queried, in addition to teachers’ perception of 
their students relative to studying about plants. 
Area of Concern 1: Science Standards 
Research Question 1: How does the number of plant biology references in the 
recently adopted Michigan middle school life science standards compare to the prior 
Michigan standards? By comparing the life science standards in the Next Generation 
Science Standards (NGSS) with Michigan’s previous Grade Level Content Expectations 
(GLCE) for references to plants, a trend was identified of increasing references to general 
organisms rather than specific references to animals or plants. Secondly, the data revealed 
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plants have a higher percentage of specific references compared to animals in NGSS than 
in the GLCEs. The trend towards references to general organisms provides increasing 
leeway for teachers to focus on organisms of their choice in the classroom. Yet plants 
have a higher percentage of specific references than animals in NGSS than they did in the 
GLCE.  This reveals a potential increasing trend towards focusing on plants in the new 
standards. In both instances, teachers will need sufficient background and adequate 
training with plant biology in order to be knowledgeable about and comfortable with 
teaching about plants. This research shows, therefore, that teachers will then be more 
likely to increase the percent of time spent on plants in their life science courses. With 
increasing generalized references in the standards to living organisms rather than specific 
references to either plants or animals, curriculum and training will need to provide plant 
examples and ideas for engaging plant investigations in order for teachers to be more 
likely to include plants in their classroom (Uno, 1994). Figure 2 below and Table 2 
(Chapter 4) shows that “organisms”, in general, were referred to more commonly than 
either animals or plants and comprised the highest percentage of references in both NGSS 
and the GLCEs. 
Area of Concern 2: Teacher Training 
Research Question 2: To what degree do Michigan middle school life science teachers 
teach plant biology? Survey results revealed the majority of teachers spend less than 10% 
of their class time on plants. To delve into and better understand the degree to which 
Michigan middle school life science teachers teach about plant biology, Table 3 (Chapter 
2), as well as Figure 3 below demonstrate that nearly half of teachers, 47.5%, spend 10% 
or less of their life science class time on plants. These findings support the contention 
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Figure 2: Number of animal, plant and organism references in the Next Generation 
Science Standards (NGSS) and the Grade Level Content Expectations (GLCE). 
 
that plant neglect persists (Nyberg & Sanders, 2014; Rybczynski et al., 2014; Wandersee 
& Schussler, 1999; Flannery, 1991; Honey, 1987). Given the importance of plants for life 
(Archer, 2014; Barman et al., 2006), increasing consumer interest in plants (Hazzard et 
al., 2011; Govindasamy et al., 2002), and the argued need for citizens to have “botanical 
capacity” (Kramer & Havens, 2015, p. 83), an emphasis on and level of understanding 
about plants to support the overall health and welfare of life on earth should be a target 
for life science classrooms. 
Research Question 3: What factors are significant in affecting the degree to which 
Michigan middle school teachers include plant biology in their pedagogy? In examining 
teachers’ self-perception of their background and training and how they related to their 
knowledge, comfort and percent of time spent teaching about plants in class, the findings 
underscore the importance of teacher background and training in plant biology education 
(Kramer & Havens, 2015) (Nyberg & Sanders, 2014) (Hershey, 1992) in order for 
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Figure 3: Frequency of Michigan middle school life science teacher respondents 
for percent of time spent on plants in class. 
 
about plants. Teachers, like students, need direct encounters and experiences working 
with plants, including growing them, making observations and having guided 
explorations (Nyberg & Sanders, 2014), in order to help overcome plant blindness 
(Wandersee & Schussler, 1999), and to cultivate intrinsic and long-term interest in plants 
(Fančovičová & Prokop, 2010). 
Figure 4 below shows the highest correlation occurred between teachers feeling 
knowledgeable about plants and being comfortable teaching about plants. This positive 
correlation relationship showed high significance, along with the next two highest 
correlations between teachers having received adequate training and being comfortable 
teaching about plants, and between teachers having received adequate training and being 
knowledgeable about plant biology. All of these correlations were significant at the 0.01, 
2-tailed level. The next highest tier of correlations occurred between the percent time 



































Percent time on plants in class
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between the percent time teachers spent studying about plants and feeling knowledgeable 
about plant biology. Both of these correlations were significant at the 0.05, 2-tailed level. 
Research Question 4: Do Michigan middles school life science teachers like 
teaching about plants and does their preference affect their teaching? Figure 5 shown 
below depicts data for teachers’ response to the statement “I like teaching about…”. 
Teachers indicated they most like teaching about animals, followed by genetics, cells, 
and then plants. The difference, however, between each of these indicated levels of 
agreement is minor, overall ranging from 2.10 to 3.17, indicating, in essence, a general 
‘like’ by teachers for each of these life science subject areas.  The difference between 
liking animals and plants, in this case, is even less, ranging from 2.10 for animals to 2.38 
for plants, a difference of only 0.28 on a scalar of 1 – 7.  Therefore, this data does not 
support ideas of teachers inherently liking animals more than plants (Flannery, 1991) 
(Wandersee, 1986) and instead indicates an overall ‘liking’ for the range of life science 
subjects. This leads to further support of the need to provide direct experiences for 
teachers with plants, in addition to useful examples and laboratory ideas, to assist and 
support teachers to teach about plants in their classrooms. 
By examining correlations between teachers liking plants or animals and their 
perceptions of their plant biology teaching, liking plants had the highest significant 
correlation levels with having comfort teaching about plants, plant knowledge and 
adequate plant training. Yet teachers’ liking animals also had high significant correlations 
with these same plant biology teaching plant outcomes. Therefore, the data do not 
support a key difference in teachers between liking plants or animals and their plant 
biology teaching outcomes. Table 6 shows correlations between the extent teachers like 
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teaching about animals or plants and the corresponding survey variables. The highest 
correlations, and those with statistical significance occurred between liking plants and 
having comfort teaching about plants, plant knowledge and adequate plant training.  The 
next highest group of correlations with statistical significance occurred between liking 
animals and being comfortable teaching about plants, plant knowledge and adequate plant 
training.  The lowest correlations with no significance occurred between liking plants or 
animals and the percentage of time spent studying about plants and the percentage of time 
spent on plants in class. 
Research Question 5: What types of resources do Michigan middle school life 
science teachers have access to in order to teach plant biology? To better understand the 
status of plant biology education in Michigan middle schools, teachers were asked about 
access to resources for teaching their life science courses.  Data reveal teachers have the 
greatest access to intellectual resources, including online resources, professional 
development and textbooks (Chapter 5, Table 7). Teachers have the least access to indoor 
growing resources, such as lighted growing shelves and greenhouses, and moderate 
access to outdoor resources, such as fields, forests and gardens. This information can help 
steer decision makers and planners of ongoing teacher training and support, especially 
those concerned with equitable representation of plant biology education in classrooms. 
With current educational trends moving away from textbooks towards more online 
resources (Michigan Science Teaching and Assessment Reform, 2019; OpenSciEd, n.d.), 
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Figure 4: Relative correlations between self-rated variables for Michigan middle 
school life science teachers. 
Note. (Pearson coefficient) **. Correlation is significant at the 0.01 level (2-tailed). *. 











Figure 5: Teacher level of agreement to the statement “I like teaching about…”. 
Note. 1 = strongly agree, 7 = strongly disagree. 
 
and creation of online resources to support teacher training, knowledge and comfort of 
teaching about plants. 
Research Question 6: To what extent are Michigan middle school life science 
teachers applying plant examples to life science concepts? For each of the five life 
science concept areas, teachers agreed they use plant examples, with their agreement 
levels ranging from 2.22 to 3.17, with 1 representing strongly agree. Figure 6 illustrates 
data relative to use of plant examples within life science concept areas. The life science 
concept area teachers indicated the least level of agreement for use of plant examples in 
was structure, function and information processing.  These data can help guide planners 
and curriculum developers to target examples of plants for teachers to use in the life 
science concept areas, specifically noting the lowest indication of examples being given 
in structure, function and information processing. Uno (1994) discussed the importance 
of articulating relevant and interesting plant examples into life science curricula in order 
for teachers to have ready access to these examples and, therefore, implement them in 

















































their classrooms. Nyberg and Sanders (2014) underscored the importance of giving 
students direct contact and experiences with growing plants in order to increase their 
interest, engagement and understanding.  Without direct plant experience, either on the 
part of teachers or students (Fančovičová & Prokop, 2010), the relevance and importance 
of plant examples in life science concept areas can decline and become less a part of the 
classroom experience. 
 
Figure 6: Teacher level of agreement to the prompt, “Plant examples are strongly used to 
apply this concept”. 
Note. 1 = strongly agree, 7 = strongly disagree 
 
Research Question 7: How might Michigan middles school life science teachers’ 
self-perceptions affect their attitudes about student experiences with plants? The results 
indicate that as either the percent time spent on plants in class, or the time the teacher 
spent studying about plants increases, their level of agreement decreases for students 
wanting to learn about plants, students having ready access to plant materials, or student 
























































































teachers increased passion for the subject based upon the more training they have had and 
the more time they spend on plants in class and feeling they are not receiving the same 
level of interest or passion to learn about the plants from their students. As teachers gain 
knowledge about plants, they might develop a deeper understanding of plant neglect or 
that a problem even exists. Northern Michigan University botany professor D. Becker 
(personal communication, March 31, 2019) shared: 
“When I began to learn more deeply about plants, the more fascinating 
and astonishing I found them to be and my excitement about conveying 
that to the students increased. When I perceived some students didn't share 
the same level of passion, I concluded that many of them ‘just didn't care’ 
about learning about plants. In addition, I found the textbook and lab 
manual I had inherited for BI 230 Plant Kingdom to be unsatisfactory. I 
found them to be rather boring, overly technical, and uninspiring for the 
students. So I found a new textbook that was at a more suitable level for 
an intro botany class and one that had better examples of the importance 
of plants to humans (and our planet). The lab manual was applied (In fact, 
the title is Laboratory Manual for Applied Botany) and had many good 
exercises that showed the relevance and importance and applied uses of 
plants as well as a more dynamic writing style. So this change helped the 
students have better access to materials to learn about plants.  I also made 
a more deliberate attempt to get the students ‘hands-on’ experience with 
plants compared to how the class was previously taught before I was 
hired. When I looked at the previous syllabus, I thought it was odd, and I 
was frustrated that the students didn't actually work with plants. I found 
this especially troublesome in BI 431 Plant Physiology. Thus, I totally 
revamped the lab to have more hand-on exercises and for the students to 
use plants in original research.” 
 
 Becker’s comments help to explain the significant negative correlations found 
between teacher self-perceptions and perceptions of their students.  Becker’s reflection 
also underscores the importance of providing students with direct contact and experience 
with plants and offering labs and examples that illustrate the importance of plants for life, 
thereby making plants more interesting and relevant to students. 
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The only significant correlations from this study regarding teachers’ perceptions 
about student experiences with plants were negative correlations pertaining to the percent 
of time spent on plants in class and students wanting to learn about plants, having ready 
access to plant materials and students succeeding easily with plants. The other significant 
correlation, also negative, was between teacher time studying plants and students having 
ready access to plant materials.  
Potential Solutions 
Constructivist theory (Ozer, 2004) and plant biology education proponents 
(Nyberg & Sanders, 2014; Hazzard et al., 2011) support the need for learners to have 
direct experiences in order to develop perspective and frameworks for learning about and 
understanding of plants and their important role in life. Findings from this study 
substantiate the need for Michigan middle school life science teachers to have direct 
experiences working with plants in order to have knowledge about and comfort with 
plant biology education that, in turn, affects the extent they include plants in their 
classroom. By increasing teachers’ “botanical capacity” (Kramer & Havens, 2015, p. 83), 
teachers will be more likely to include plants in their life science classes, thereby 
reducing plant neglect. 
 In order to address neglect of plant biology education in classrooms and increase 
botanical capacity of teachers, plant biology educators need to help identify and develop 
curriculum and training consistent with these findings. They need to find ways to give 
teachers direct experience growing, observing and having guided explorations of plants 
that also make connections with the role and importance of plants in life (Kramer & 
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Havens, 2015; Rybczynski et al., 2014; Ward et al., 2014; J. K. Frisch, Unwin, & 
Saunders, 2010; Uno, 1994; Hershey, 1992). 
New York Sun Works (2019b) is an exemplary program that is currently tackling 
this exact approach to plant biology education.  The program provides curriculum and 
technical assistance to 86 New York City Public Schools in the form of rooftop 
greenhouses that are STEM, sustainability labs in which K-12 science courses are taught. 
The model includes ongoing training and professional learning opportunities for teachers 
in order to increase their knowledge and comfort of plant biology. They utilize indoor, 
urban gardening methods to develop innovative design solutions to grow food and 
address current societal issues such as global climate change. Preliminary research 
findings (New York Sun Works, 2019) reveal students who receive the New York Sun 
Works curriculum are more likely to score higher on the 4th grade science achievement 
test than students who do not receive the NY Sun Works curriculum. 
Future Research 
Additional questions arose from this study that lend themselves to future research 
relevant to plant neglect in life science classrooms. Ongoing questions include the 
following: 
 Why do nearly half of the teachers surveyed spend 10% or less of class time on 
plants? 
 What specific constraints do teachers have for teaching about plants (i.e. time, 
physical classroom space, etc.)? 
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 Is it true that as teachers gain knowledge about plants, they have a deeper 
understanding of the level of plant neglect and that it might be an issue to be 
addressed? 
 Do student outcomes consistently reveal improvement as a result of students 
engaging in direct experiences with plants? 
 Does the research template developed by Williams and Dixon (2013) provide a 
valid and reliable framework for ongoing assessment of garden- and plant-based 
learning? 
 Will the shift in the standards, giving more leeway to teachers within the realm of 
living organisms, yet with some increasing focus on plants, have an impact on the 
trend of neglect in plant biology education?  
 If plant biology educators and curriculum developers create enhanced plant 
biology experiences and develop relevant examples for teachers, will those 
resources be utilized and, if so, what affect will they have on neglect of plant 
biology education? 
 If life science teachers receive specific training focusing on providing them with 
direct plant experiences, including growing, observing and measuring plants, will 
those teachers increase the amount of time spent on plants in class? 
Summary 
In summary, although plants play a critical role in the ability of life to exist on 
this planet, these data reveal neglect in plant biology is still occurring in Michigan middle 
school classrooms.  Kramer and Havens (2015) emphasized the importance of people 
having levels of botanical expertise to support the overall health and welfare of the 
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human populace and described this as “botanical capacity” (p.83). In order to increase the 
botanical capacity of teachers, they need direct experience with plants in order to feel 
knowledgeable about and comfortable with teaching plant biology in their life science 
classrooms.  As teachers’ botanical capacity increases, this study indicates, so too will the 
time they spend in their life science classes teaching about plants. 
Data from this study revealed strong, significant, positive correlations between 
levels of time spent studying plant biology or engaging in adequate plant training and 
teachers’ levels of knowledge, comfort, and time spent studying plants in class with their 
students. These findings underscore the importance of teacher training, providing 
teachers with direct experience in growing, observing and having guided exploration of 
plants in order to foster knowledge and comfort with plants. Teachers will then be more 
likely to incorporate plant biology education into their classrooms, consistent with 
constructivism theories for learning underscoring the need for previous experience 
providing mental constructs upon which people build learning and understanding (Ozer, 
2004).  By providing teachers with experiences and direct contact with plants, they will 
build intrinsic and long-term interest (Hazzard et al., 2011) that, these data reveal, could 
support increased time spent in class on plants and, therefore, reduce neglect of plant 
biology education. Additionally, planners and curriculum developers need to ensure 
specific plant examples are incorporated into resources for teachers to further ensure their 
inclusion classroom lessons. Questions pertaining to access to resources showed teachers 
have the most access to online resources and professional development and text, thereby 
supporting development efforts within these resource areas to foster teacher learning 
about plant biology education. 
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Examination of the state life science standards showed an increasing trend of 
references towards organisms, in general, but also showed the NGSS standards having a 
higher percentage of plants references versus animals compared to the previous GLCEs 
that had a higher percentage of specific animal references than plants. This slight increase 
in references to plants could be a result of current societal demands and consumer interest 
in learning about plants (Hazzard et al., 2011; Govindasamy et al., 1998), particularly for 
home gardening and desires for local food sources. Ongoing study to monitor if this shift 
in the standards, giving more leeway to teachers within the realm of living organisms, yet 
with some increasing focus on plants, will impact the trend of neglect in plant biology 
education.  
Information obtained from this research and analysis could assist plant biology 
program and curricula developers as well as professional development trainers to further 
develop plant biology education in the curricula. These data could support target concept 
areas potentially needing more emphasis on plant examples and the overall need for 
teachers to have direct experience with plants to generate additional knowledge and 
comfort about plant biology education in order to increase the percent of time spent 
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Appendix B: Plant Biology Education in Michigan Middle Schools Qualtrics Survey 
and Teacher Responses 
 
Qualtrics Report 
Plant Biology Education in Michigan Middle Schools 
March 14th 2019, 8:40 am MDT 
Q1 - Please enter your school's zip code. 
































































Q2 - Drag the slider below to indicate the number of years you have 
taught middle school science. 
# Field Minimum Maximum Mean Std Deviation Variance Count 
1 Years 1.00 35.00 11.77 8.93 79.66 62 
 
Q3 - What is the highest level of formal education you have received? 
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What is the 




1.00 4.00 1.84 0.72 0.52 62 
 
# Answer % Count 
1 Bachelor's degree 30.65% 19 
2 Master's degree 59.68% 37 
3 Education Specialist degree 4.84% 3 
4 Doctoral degree 4.84% 3 
 Total 100% 62 
 
Q4 - Indicate your college major(s): 
 
# Answer % Count 
1 Major 1 69.32% 61 
2 Major 2 30.68% 27 
 Total 100% 88 
 
Q4_1_TEXT - Major 1 
 62 





Elementary Education/Math,Science/Physical Education triple minor 
Group Science 
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Q4_2_TEXT - Major 2 
Major 2 - Text 











Elementary Education Science 
master's in Teach. Nat. Science 
social studies 
Exercise Science 
General - DX 
Educational Technology 












Q5 - Indicate your college minor(s): 
 
# Answer % Count 
1 Minor 1 69.57% 48 
2 Minor 2 30.43% 21 
 Total 100% 69 
 
Q5_1_TEXT - Minor 1 





































Middle School Education 
Computer Science 












Q5_2_TEXT - Minor 2 
Minor 2 - Text 
Science 






















Q6 - Please indicate your personal middle school teacher certifications. 
 
# Answer % Count 
1 Elementary Education 22.14% 31 
2 Secondary Education 15.71% 22 
3 Biology 10.71% 15 
4 Chemistry 7.86% 11 
5 Earth Science 7.86% 11 
6 Physics 7.86% 11 
7 Integrated Science 25.71% 36 
8 Non-science 2.14% 3 
 Total 100% 140 
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Q7 - Including yourself, how many life science teachers are at your 
middle school? 
 






how many life 
science teachers 
are at your middle 
school? 
1.00 6.00 3.42 1.95 3.81 60 
 
# Answer % Count 
1 1 20.00% 12 
2 2 28.33% 17 
3 3 3.33% 2 
4 4 15.00% 9 
5 5 5.00% 3 
6 6 or more 28.33% 17 
 Total 100% 60 
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Q8 - Do your current teaching responsibilities include life science? 
 










1.00 2.00 1.10 0.30 0.09 62 
 
# Answer % Count 
1 Yes 90.32% 56 
2 No 9.68% 6 
 Total 100% 62 
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Q9 - Please estimate the percentage of time you spent studying and 
learning about plant biology in your formal life science training and 
coursework. 
# Field Minimum Maximum Mean Std Deviation Variance Count 
1 Percentage 1.00 100.00 22.05 20.48 419.36 41 
 
Q10 - Please estimate the percentage of time you spend on plants in 
your life science classroom. 
# Field Minimum Maximum Mean Std Deviation Variance Count 





























Q11 - Considering your own education and training , please indicate 
your level of agreement to the following statements. 
 










1.00 7.00 3.38 1.98 3.93 13 
2 
I am comfortable 
teaching about 
plant biology. 















































































































































Q12 - Please indicate your level of agreement with the following 
statements that all begin: " I like teaching about..." 
 




1 Animals 1.00 7.00 2.07 1.26 1.60 43 




1.00 7.00 2.51 1.30 1.69 43 
4 Fungi 1.00 7.00 3.12 1.45 2.10 43 
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5 Genetics 1.00 7.00 2.09 1.36 1.85 43 
6 Microbiology 1.00 7.00 2.77 1.29 1.67 43 









































































































































































































































Q13 - In order to teach plant biology, I have access to the following 
resources: 
 







1.00 7.00 4.34 2.22 4.91 41 
2 On-line resources 1.00 6.00 1.93 1.20 1.45 42 
3 School garden 1.00 7.00 4.93 2.10 4.41 41 
4 School forest 1.00 7.00 4.12 2.22 4.94 41 
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5 
Available field or 
woodlot 
1.00 7.00 3.59 2.11 4.44 41 



























































































































































































































































































Q14 - The Next Generation Science Standards highlight the content 
areas listed below. Indicate your level of agreement for the following 
prompts that respond to the statement:  "Plant examples are strongly 
used to apply this concept." 
 








1.00 7.00 3.12 1.47 2.15 42 
 81 
2 
Matter and energy 
in organisms and 
ecosystems 



























































































































































































































Q15 - Please indicate your level of agreement to the following statements 
concerning student experiences with plants: 
 








1.00 5.00 2.60 0.98 0.96 42 
2 
Students want to 
learn more about 
plants 




easily with plant 
concepts 
1.00 5.00 2.98 1.01 1.02 42 
4 
Students have 
ready access to 
plant materials 

























































































































































































Q16 - Please add any additional information or comments relevant to 
your teaching of life science in a Michigan middle school classroom. 
Please add any additional information or comments relevant to your teaching of life 
science in a Michigan middle school classroom. 
Using MI- STAR curriculum. 
The Considering my Own Education questions did not work correctly for me.  I tried to 
click on all "agree". 
I use the IQWST curriculum (How Does Food Provide my Body with Energy?" and I 
augment this curriculum with more materials on plants. 
Our school is in a rural farming community, so many of the students live on farms or 
have access to them through friends.  Our students like learning about plants but most 
of them know quite a bit about plants already. 
The middle school has a general science curriculum, so life science (and, as a result, 
plants) is not a major focus. We do use plants for many life science concepts, but this 
does not happen throughout the entire school year. We also have earth and physical 
science concepts, as well. 
I would like to teach more on plants but have little to no resources for any new 
curriculum 
I do not have funds to buy garden materials, or even seeds & soil for the classroom. 
I teach in a farming community so students enjoy outside, plants, and this kind of 
information. 
large class size, short periods (53 minutes), somewhat limit the amount of labs that can 
be completed...which is frustrating. 
My mother majored in forest biology and is a certified master gardener and arborist. 
Much of the knowledge I gained was from her teaching it to me as a young child.  This 
background has made me more confident teaching in this area of science, but I do not 
feel I have had much formal training as an adult. 
This question-Considering your own education and training , please indicate your level 
of agreement to the following statements.  You could not select somewhat agree to all 
statements.  It would only allow that selection for one statement. 
I live in a small rural county where most of my kids grow up with parents are farmers 
or have gardens of their own (parents) 
I received Carbon Time training which has some excellent & heavy emphasis on 
plants, plant processes, relationship to energy, climate change, etc. Also lucky to live 
and teach in area where wooded areas, marsh/bog/wetlands, natural planted prairies are 
readily available. 
I rarely use plant biology (except genetics) in my life science lesson.  I was thinking 
the other day that I miss teaching about plants as I enjoy botany. 
Kim's test survey 
Comment about survey: The section titled "Considering your own education and 
training , please indicate your level of agreement to the following statements." is 




Appendix C: Reliability and Validity Analysis from SPSS for Qualtrics Survey 
Questions 
Page I 
Case Processing Summary 























.87 4 .884 24 
Summary Item Statistics 
 
Mean Minimum  Maximum Range 
Maximum I 
Minimum Variance N of Items 
Item 
Variances 







Appendix D: Examination of the NGSS and MSS for References to Plants, Animals 
and Living Organisms 
Legend: Plants  Animals  Living Organisms 
NGSS MSS 
Middle School Life Science Standard 
and Disciplinary Core Ideas 
Middle School Life Science Standards 
and Disciplines 
MS-LS1 From Molecules to Organisms: 
Structure and Processes 
 
Organization of Living Things 
 
LS1.A: Structure and Function 
 
All living things are made up of cells, 
which is the smallest unit that can be 
said to be alive. An organism may 
consist of one single cell (unicellular) 
or many different numbers and types of 
cells (multicellular). (MS-LS1-1) 
 
Within cells, special structures are 
responsible for particular functions, and 
the cell membrane forms the boundary 
that controls what enters and leaves the 
cell. (MS-LS1-2) 
 
In multicellular organisms, the body is 
a system of multiple interacting 
subsystems. These subsystems are 
groups of cells that work together to 
form tissues and organs that are 
specialized for particular body 
functions. (MS-LS1-3) 
 
LS1.B: Growth and Development of 
Organisms 
Animals engage in characteristic 
behaviors that increase the odds of 
reproduction. (MS-LS1-4) 
 
Plants reproduce in a variety of ways, 
sometimes depending on animal 
behavior and specialized features for 
reproduction. (MS-LS1-4) 
K-7 Standard L.OL: Develop an 
understanding that plants and animals 
(including humans) have basic 
requirements for maintaining life which 
include the need for air, water and a 
source of energy. Understand that all life 
forms can be classified as producers, 
consumers, or decomposers as they are all 
part of a global food chain where 
food/energy is supplied by plants which      
need light to produce food/energy. 
Develop an understanding that plants and 
animals can be classified by observable 
traits and physical characteristics. 
Understand that all living organisms are 
composed of cells and they exhibit cell 
growth and division. Understand that all 
plants and animals have a definite life 
cycle, body parts, and systems to perform 
specific life functions 
 
L.OL.M.2 Cell Functions- All organisms 
are composed of cells, from one cell to 
many cells. In multicellular organisms, 
specialized cells perform specialized 
functions. Organs and organ systems are 
composed of cells, and function to serve 
the needs of cells for food, air, and waste 
removal. The way in which cells function 




Genetic factors as well as local 
conditions affect the growth of the 
adult plant. (MS-LS1-5) 
 
LS1.C: Organization for Matter and 
Energy Flow in Organisms 
Plants, algae (including 
phytoplankton), and many 
microorganisms use the energy from 
light to make sugars (food) from 
carbon dioxide from the atmosphere 
and water through the process of 
photosynthesis, which also releases 
oxygen. These sugars can be used 
immediately or stored for growth or 
later use. (MS-LS1-6) 
 
Within individual organisms, food 
moves through a series of chemical 
reactions in which it is broken down 
and rearranged to form new molecules, 
to support growth, or to release energy. 
(MS-LS1-7) 
 
LS1.D: Information Processing 
Each sense receptor responds to 
different inputs (electromagnetic, 
mechanical, chemical), transmitting 
them as signals that travel along nerve 
cells to the brain. The signals are then 
processed in the brain, resulting in 
immediate behaviors or memories. 
(MS-LS1-8) 
L.OL.07.21 Recognize that all organisms 
are composed of cells (single cell 
organisms, multicellular organisms). 
 
L.OL.07.22 Explain how cells make up 
different body tissues, organs, and organ 
systems. 
 
L.OL.07.23 Describe how cells in all 
multicellular organisms are specialized to 
take in nutrients, which they use to 
provide energy for the work that cells do 
and to make the materials that a cell or 
organism needs. 
 
L.OL.07.24 Recognize that cells function 
in a similar way in all organisms. 
 
L.OL.M.3- Growth and Development- 
Following fertilization, cell division 
produces a small cluster of cells that then 
differentiate by appearance and function 
to form the basic tissue of an embryo. 
 
L.OL.07.31 Describe growth and 
development in terms of increase of cell 
number and/or cell size. 
 
L.OL.07.32 Examine how through cell 
division, cells can become specialized for 
specific functions. 
 
L.OL.M.4 Animal Systems- Multicellular 
organisms may have specialized systems 
that perform functions which serve the 
needs of the organism. 
 
L.OL.M.5 Producers, Consumers, and 
Decomposers- All animals, including 
humans, are consumers that meet their 
energy by eating other organisms or their 
products. Consumers break down the 
structures of the organisms they eat to 
make the materials they need to grow and 
function. Decomposers, including 
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bacteria and fungi, use dead organisms or 
their products to meet their energy needs. 
 
L.OL.05.41 Identify the general purpose 
of selected animal systems (digestive, 
circulatory, respiratory, skeletal,               
muscular, nervous, excretory, and 
reproductive). 
 
L.OL.05.42 Explain how animal systems 
(digestive, circulatory, respiratory, 
skeletal, muscular, nervous, excretory,            
and reproductive) work together to 
perform selected activities. 
 
L.OL.M.6 Photosynthesis- Plants are 
producers; they use the energy from light 
to make sugar molecules from the atoms 
of carbon dioxide and water. Plants use 
these sugars along with minerals from the 
soil to form fats, proteins, and 
carbohydrates. These products can be 
used immediately, incorporated into the 
cells of a plant as the plant grows, or 
stored for later use. 
 
L.OL.07.61 Recognize the need for light 
to provide energy for the production of 
carbohydrates, proteins and fats. 
 
L.OL.07.62 Explain that carbon dioxide 
and water are used to produce 
carbohydrates, proteins, and fats. 
 
L.OL.07.63 Describe evidence that plants 
make, use and store food. 
 
L.OL.06.51 Classify organisms 
(producers, consumers, and decomposers) 
based on their source of energy for 
growth and development. 
 
L.OL.06.52 Distinguish between the ways 




MS-LS2 Ecosystems: Interactions, 
Energy and Dynamics 
Ecosystems 
 
LS2.A: Interdependent Relationships in 
Ecosystems 
Organisms, and populations of 
organisms, are dependent on their 
environmental interactions both with 
other living things and with nonliving 
factors. (MS-LS2-1) 
 
In any ecosystem, organisms and 
populations with similar requirements 
for food, water, oxygen, or other 
resources may compete with each other 
for limited resources, access to which 
consequently constrains their growth 
and reproduction. (MS-LS2-1) 
 
Growth of organisms and population 
increases are limited by access to 
resources. (MS-LS2-1) 
 
Similarly, predatory interactions may 
reduce the number of organisms or 
eliminate whole populations of 
organisms. Mutually beneficial 
interactions, in contrast, may become 
so interdependent that each organism 
requires the other for survival. 
Although the species involved in these 
competitive, predatory, and mutually 
beneficial interactions vary across 
ecosystems, the patterns of interactions 
of organisms with their environments, 
both living and nonliving, are shared. 
(MS-LS2-2) 
 
LS2.B: Cycle of Matter and Energy 
Transfer in Ecosystems 
Food webs are models that demonstrate 
how matter and energy is transferred 
between producers, consumers, and 
decomposers as the three groups 
interact within an ecosystem. Transfers 
of matter into and out of the physical 
environment occur at every level. 
K-7 Standard L.EC: Develop an 
understanding of the interdependence of 
the variety of populations, communities 
and ecosystems, including those in the 
Great Lakes region. Develop an 
understanding of different types of 
interdependence and that biotic (living) 
and abiotic (non-living) factors affect the 
balance of an ecosystem. Understand that 
all organisms cause changes, some 
detrimental and others beneficial, in the 
environment where they live. 
 
L.EC.M.1 Interactions of Organisms- 
Organisms of one species form a 
population. Populations of different 
organisms interact and form communities. 
Living communities and nonliving factors 
that interact with them form ecosystems. 
 
L.EC.06.11 List examples of populations, 
communities, and ecosystems including 
the Great Lakes region. 
 
L.EC.M.2 Relationships of Organisms- 
Two types of organisms may interact with 
one another in several ways: They may be 
in a producer/consumer, predator/prey, or 
parasite/host relationship. Some 
organisms may scavenge or decompose 
another. Relationships may be 
competitive or mutually beneficial. Some 
species have become so adapted to each 
other that neither could survive without 
the other. 
 
L.EC.06.21 Describe common patterns of 
relationships between and among 
populations (competition, parasitism, 
symbiosis, predator/prey). 
 
L.EC.06.22 Explain how two populations 
of organisms can be mutually beneficial 
and how that can lead to interdependency. 
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Decomposers recycle nutrients from 
dead plant or animal matter back to the 
soil in terrestrial environments or to the 
water in aquatic environments. The 
atoms that make up the organisms in an 
ecosystem are cycled repeatedly 
between the living and nonliving parts 
of the ecosystem. (MS-LS2-3) 
LS2.C: Ecosystem Dynamics, 
Functioning, and Resilience 
Ecosystems are dynamic in nature; 
their characteristics can vary over time. 
Disruptions to any physical or 
biological component of an ecosystem 
can lead to shifts in all its populations. 
(MS-LS2-4) 
 
Biodiversity describes the variety of 
species found in Earth’s terrestrial and 
oceanic ecosystems. The completeness 
or integrity of an ecosystem’s 
biodiversity is often used as a measure 
of its health. (MS-LS2-5) 
 
L.EC.06.23 Predict how changes in one 
population might affect other populations 
based upon their relationships in the             
food web. 
 
L.EC.M.3 Biotic and Abiotic Factors- 
The number of organisms and populations 
an ecosystem can support depends on the 
biotic (living) resources available and 
abiotic (nonliving) factors, such as quality 
of light and water, range of temperatures 
and soil composition. 
 
L.EC.06.31 Identify the living (biotic) 
and nonliving (abiotic) components of an 
ecosystem. 
 
L.EC.06.32 Identify the factors in an 
ecosystem that influence changes in 
population size. 
 
L.EC.M.4 Environmental Impact of 
Organisms- All organisms (including 
humans) cause change in the environment 
where they live. Some of the changes are 
harmful to the organism or other 
organisms, whereas others are helpful. 
 
L.EC.06.41 Describe how human beings 
are part of the ecosystem of the Earth and 
that human activity can purposefully, or 
accidentally, alter the balance in 
ecosystems. 
 
L.EC.06.42 Predict possible 
consequences of overpopulation of 
organisms, including humans, (for 
example: species extinction, resource 
depletion, climate change, pollution). 
MS-LS3 Heredity: Inheritance and 
Variation of Traits 
Heredity 
 
LS3.A: Inheritance of Traits 
Genes are located in the chromosomes 
of cells, with each chromosome pair 
containing two variants of each of 
K-7 Standard L.HE: Develop an 
understanding that all life forms must 
reproduce to survive. Understand that 
characteristics of mature plants and 
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many distinct genes. Each distinct gene 
chiefly controls the production of 
specific proteins, which in turn affects 
the traits of the individual. Changes 
(mutations) to genes can result in 
changes to proteins, which can affect 
the structures and functions of the 
organism and thereby change traits. 
(MS-LS3-1) 
 
Variations of inherited traits between 
parent and offspring arise from genetic 
differences that result from the subset 
of chromosomes (and therefore genes) 
inherited. (MS-LS3-2) 
 
LS3.B: Variation of Traits 
In sexually reproducing organisms, 
each parent contributes half of the 
genes acquired (at random) by the 
offspring. Individuals have two of each 
chromosome and hence two alleles of 
each gene, one acquired from each 
parent. These versions may be identical 
or may differ from each other. (MS-
LS3-2) 
 
In addition to variations that arise from 
sexual reproduction, genetic 
information can be altered because of 
mutations. Though rare, mutations may 
result in changes to the structure and 
function of proteins. Some changes are 
beneficial, others harmful, and some 
neutral to the organism. (MS-LS3-1) 
animals may be inherited or acquired and 
that only inherited traits are passed on to 
their young. Understand that inherited 
traits can be influenced by changes in the 
environment and by genetics. 
 
L.HE.M.2 Reproduction- Reproduction is 
a characteristic of all living systems; 
because no individual organism lives 
forever, reproduction is essential to the 
continuation of every species. Some 
organisms reproduce asexually. Other 
organisms reproduce sexually. 
 
L.HE.M.1 Inherited and Acquired Traits - 
The characteristics of organisms are 
influenced by heredity and environment. 
For some characteristics, inheritance is 
more important; for other characteristics, 
interactions with the environment are 
more important. 
 
L.HE.05.11 Explain that the traits of an 
individual are influenced by both the 
environment and the genetics of the                
individual. 
 
L.HE.05.12 Distinguish between 
inherited and acquired traits. 
 
L.HE.07.21 Compare how characteristics 
of living things are passed on through 
generations, both asexually and                               
sexually 
 
L.HE.07.22 Compare and contrast the 
advantages and disadvantages of sexual 
vs. asexual reproduction. 





LS4.A: Evidence of Common Ancestry 
and Diversity 
The collection of fossils and their 
placement in chronological order (e.g., 
through the location of the sedimentary 
K-7 Standard L.EV: Develop an 
understanding that plants and animals 
have observable parts and characteristics 
that help them survive and flourish in 
their environments. Understand that 
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layers in which they are found or 
through radioactive dating) is known as 
the fossil record. It documents the 
existence, diversity, extinction, and 
change of many life forms throughout 
the history of life on Earth. (MS-LS4-
1) 
 
Anatomical similarities and differences 
between various organisms living today 
and between them and organisms in the 
fossil record, enable the reconstruction 
of evolutionary history and the 
inference of lines of evolutionary 
descent. (MS-LS4-2) 
 
Comparison of the embryological 
development of different species also 
reveals similarities that show 
relationships not evident in the fully-
formed anatomy. (MS-LS4-3) 
 
LS4.B: Natural Selection 
Natural selection leads to the 
predominance of certain traits in a 
population, and the suppression of 
others. (MS-LS4-4) 
 
In artificial selection, humans have the 
capacity to influence certain 
characteristics of organisms by 
selective breeding. One can choose 
desired parental traits determined by 




Adaptation by natural selection acting 
over generations is one important 
process by which species change over 
time in response to changes in 
environmental conditions. Traits that 
support successful survival and 
reproduction in the new environment 
become more common; those that do 
not become less common. Thus, the 
fossils provide evidence that life forms 
have changed over time and were 
influenced by changes in environmental 
conditions. Understand that life forms 
either change (evolve) over time or risk 
extinction due to environmental changes 
and describe how scientists identify the 
relatedness of various organisms based   
on similarities in anatomical features. 
    
L.EV.M.1 Species Adaptation and 
Survival- Species with certain traits are 
more likely than others to survive and 
have offspring in particular environments. 
When an environment changes, the 
advantage or disadvantage of the species’ 
characteristics can change.  Extinction of 
a species occurs when the environment 
changes and the characteristics of a 
species are insufficient to allow survival. 
 
L.EV.05.11 Explain how behavioral 
characteristics (adaptation, instinct, 
learning, habit) of animals help them to 
survive in their environment.   
 
L.EV.05.12 Describe the physical 
characteristics (traits) of organisms that 
help them survive in their         
environment. 
 
L.EV.05.13 Describe how fossils provide 
evidence about how living things and 
environmental conditions have changed. 
 
L.EV.05.14 Analyze the relationship of 
environmental change and                    
catastrophic events (for example: 
volcanic eruption, floods, asteroid 
impacts, tsunami) to species extinction. 
 
L.EV.M.2 Relationships Among 
Organisms- Similarities among organisms 
are found in anatomical features, which   
can be used to infer the degree of 
relatedness among organisms. In 
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distribution of traits in a population 
changes. (MS-LS4-6) 
 
classifying organisms, biologists consider           
details of internal and external structures 
to be more important than behavior or 
general appearance. 
 
L.EV.05.21 Relate degree of similarity in 





Appendix E: Measures of Central Tendency, Pearson’s Correlation Coefficients, 











Appendix F: Additional Teacher Participant Survey Comments  
 
 Our school is in a rural farming community, so many of the students live on farms 
or have access to them through friends. Our students like learning about plants but 
most of them know quite a bit about plants already. 
 
 Comment about survey: The section titled "Considering your own education and 
training, please indicate your level of agreement to the following statements." is 
incorrectly formatted and does not allow you to select agree on multiple lines. 
 
 Using MI- STAR curriculum. 
 
 I would like to teach more on plants but have little to no resources for any new 
curriculum 
 
 I use the IQWST curriculum (How Does Food Provide my Body with Energy?" 
and I augment this curriculum with more materials on plants. 
 
 This question-Considering your own education and training , please indicate your 
level of agreement to the following statements. You could not select somewhat 
agree to all statements. It would only allow that selection for one statement. 
 
 I do not have funds to buy garden materials, or even seeds & soil for the 
classroom. 
 
 I rarely use plant biology (except genetics) in my life science lesson.  I was 
thinking the other day that I miss teaching about plants as I enjoy botany. 
 
 The Considering my Own Education questions did not work correctly for me.  I 
tried to click on all "agree". 
 
 My mother majored in forest biology and is a certified master gardener and 
arborist. Much of the knowledge I gained was from her teaching it to me as a 
young child. This background has made me more confident teaching in this area 
of science, but I do not feel I have had much formal training as an adult. 
 
 I teach in a farming community so students enjoy outside, plants, and this kind of 
information. 
 
 I received Carbon Time training which has some excellent & heavy emphasis on 
plants, plant processes, relationship to energy, climate change, etc. Also lucky to 
live and teach in area where wooded areas, marsh/bog/wetlands, natural planted 
prairies are readily available. 
